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At the beginning of the present war it was not alto-
gether certain what effect the grouping of large bodies
of men under military conditions would have on the
incidence of diphtheria and the prevalence of diph-
theria carriers. The mobilization and training during
the last eighteen months of some 113,000 men at this
camp has afforded an opportunity to observe locally
such facts about diphtheria.

CASES OF DIPHTHERIA
From September, 1917, to March, 1919, a total of

fifty-seven cases of diphtheria were admitted to the base
hospital. Most cases ran extremely mild courses. Six
days was the average length of time for the membrane
to remain in the throat. Complications were rare.
Two cases of paralysis and one of myocarditis resulted.

SUMMARY OF LABORATORY WORK ON DIPHTHERIA

Incidence in
Found Hospital

Total Atten-
Examinations for Number Number Per Cent. dants

Cases of diphtheria.....58 ....5
Carriers of diphtheria..... 8,236 148 1.8 25
Nonimmunes (Schick test)..... 7,851 808 10.3

One death occurred as a result of streptococcic septi¬
cemia intervening after the diphtheria was clinically
ended. The localization of the exudates was as fol¬
lows : tonsils, 41 ; pharynx, 4 ; pharynx and tonsil, 10 ;
pharynx and larynx, 1 ; nose, 1. The average white
blood count was 15,000. Six cases showed albumin,
and three, casts in the urine.

About 90 per cent, of the organisms isolated showed
bipolar granules. Virulence tests were made by sub¬
cutaneous injection of guinea-pigs with pure cultures
of the isolated organism. Of twelve organisms so

tested, five proved to be avirulent. Too much reliance
is probably placed on the so-called "virulence test" for
diphtheria. McCord1 points out the possibility of
variation in virulence of diphtheria strains, and
Meader2 has shown in a number of strains that marked
variations occur for the same organism in subcultures
in morphology, fermentation reaction and virulence.

Diphtheria in this camp has been purely a sporadic
disease, evidencing none of the epidemic characteristics
sometimes attributed to it. The average incidence has
been 2.6 cases a month, or a little less than 0.2 per cent,
of the total admissions to the base hospital. Diphtheria
has not been confined to any small group of organiza¬
tions or to any geographic location of the camp. On
the contrary, the cases have been widely distributed.
Fifty different organizations are represented in the
total of fifty-seven cases admitted to the base hospital.

1. McCord, C. P.; Friedlander, A., and Walker, R. C.: Diphtheria
and Diphtheria Carriers in Army Camps, J. A. M. A. 71:275 (July
27) 1918.

2. Meader, P. D.: Variation in the Diphtheria Group, J. Infect. Dis.
24: 145 (Feb.) 1919.

In those instances in which more than one case of
diphtheria has occurred in one organization, more than
thirty days have elapsed between cases. Only one

organization has had as many as three cases of diph¬
theria. The season of the year has apparently made
no difference. In January and June, 1918, there were
six cases each. In September of the same year there
were seven.

CARRIERS
A great deal of care has always been exercised in the

search for carriers of diphtheria. For the greater part
of the time it has been a routine procedure on finding
a case of diphtheria to quarantine the company to
which the patient was attached until two throat cul¬
tures taken at two-day intervals could be made, and
Schick tests done and read. Thus, cultures have been
taken of 8,236 persons. In more than half of the
instances, these were taken a second time, making a
total of 13,000 cultures. In all, 148 carriers were
found. This was 1.8 per cent, of the number of per¬
sons examined. The diagnosis has in all cases been
purely a morphologic one.

The solid-body type of organism has been most fre¬
quently found, but those showing polar bodies have
also been encountered in a considerable number of
instances. Twenty-four strains recovered from these
cultures were inoculated into guinea-pigs. Of these,
88 per cent, proved to be avirulent.

The occurrence of carriers in different camp organ¬
izations was relatively large in only a few instances.
In one company fourteen were found, in another ten,
in another seven, and in two others, six each. Twenty-five carriers have been found among the base hospitalpersonnel. Five of these were nurses or attendants in
the diphtheria wards. With the above-mentioned
exceptions, the average company has furnished a little
more than two carriers of diphtheria. That many of
the carriers are transient hosts for the diphtheria bacil¬
lus is shown in the rapid disappearance of organisms,in most cases, after entering the hospital. This was
particularly true of the organizations showing a rela¬
tively high incidence of carriers. A number of these
were doubtless case contacts.

In the case of chronic carriers, to rid the throat of
diphtheria bacilli often required the greatest patienceand persistence. The variety of methods employedindicates the inefficacy of most of them. Sprays of
dichloramin-T, Dobell's solution, neutral solution of
chlorinated soda (Dakin's solution), argyrol and
finally a solution of antitoxin (5,000 units to 30 c.c. of
water) gave place to one another as hope in a new
procedure gained force in face of failure with an old.
It seemed hardly possible to reach organisms like diph¬theria bacilli with sprays, however bactericidal, buried
as they often are in the tonsillar crypts. On numerous
occasions it has been our experience after two negativecultures fo make a culture from the depths of the
crypts and find the organism.Patients and carriers were discharged after three
negative cultures. A number of these were instructed
to return to the laboratory after two weeks for another
culture. With one exception there were no cases in
which we were able again to identify the diphtheriabacillus.

Striking results have been obtained after tonsillec-
tomy. One patient, in spite of the most vigorous throat
spraying, presented diphtheria bacilli continuously in
his throat in forty-eight consecutive cultures. Ton-
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sillectomy was done. The next three cultures were
negative. Three other tonsillectomies were equally
successful in patients that had presented diphtheria
bacilli in their throats for forty, fifty-four and forty-
six days, respectively.

Of the cases of diphtheria in the hospital, forty-eight
showed 1,100 days of positive cultures, a case average
of 20.9 days. Twenty-two of this number averaged
much higher—from twenty-five to fifty-eight days.

Of the carriers, on the other hand, 121 had 1,421
days of positive cultures, averaging 11.7 days per case.

However, many of the cases of diphtheria gave nega¬
tive cultures before the expiration of two weeks, and
those in which diphtheria bacilli were found after this
period should be classed, for the most part, as chronic
carriers.

SCHICK TESTS
Schick tests have been made at the time of culture

of all persons exposed to diphtheria. In all, 7,851
have been done and 10.3 per cent, have been read as

positive. This is about the recognized average inci¬
dence among naturally unprotected persons between
21 and 31 years. The usual technic in giving the test
has been observed. Injections of diphtheria toxin
were carefully made intracutaneously. Controls con¬
sisted of diphtheria toxin heated to 75 C. for five
minutes. Readings were made at the end of forty-
eight and ninety-six hours. The delayed reading was
used to minimize the error from pseudoreactions.

It has been the custom to give 500 units of antitoxin
prophylactically to all naturally unprotected individ¬
uals recently in contact with diphtheria. The opinion
prevailed that the temporary protection afforded the
susceptible individual more than compensated for the
small danger of sensitization against horse serum, espe¬
cially as desensitization before serum administration
is now a generally recognized precautionary measure.
The use of toxin-antitoxin mixture has not seemed
practical on account of the time consumed in securing
immunity by such a method.

SUMMARY
1. Diphtheria has not been a very prevalent disease

at this camp. Of 113,000 soldiers trained here during
a period of eighteen months, only fifty-seven devel¬
oped this disease.

2. Of 8,236 throats of which cultures were taken,
1,8 per cent, were found to be carriers of diphtheria
bacilli.

3. Of 7,851 Schick tests done, 10.3 per cent, were

positive.
4. Tonsillectomy is the final and only satisfactory

method of disposing of chronic diphtheria carriers.

Illiteracy Among Working Children.—The National Chil¬
dren's Bureau announces that in the five states where federal
certificates of age are required for children going to work,
among 19,546 children between 14 and 16 years of age, 5,294,
or more than one fourth, could not sign their names legibly.
In the five states, among 18,379 white children between the
ages of 14 and 16, only 742 of them had reached the eighth
grade in school ; of 1,166 colored children to whom certicates
were issued, only forty had reached the eighth grade. This
means that 96 per cent, of white children and 97 per cent, of
colored children granted certificates had not reached the
eighth grade in school. In some states a work permit cannot
be secured until the age of 16 unless the child has completed
the eighth grade. Only 248, or 1.3 per cent., of the children
certified by the Children's Bureau could have met such a

requirement.

PHYSIOLOGY OF RESPIRATION IN
TREATMENT OF WAR WOUNDS
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JOHN R. GREEN, M.D. (Independence, Mo.)
Captain, M. C., U. S. Army

KANSAS CITY, MO.

Empyema is essentially a condition in which the nor-
mal physiologic processes of the lung and pleura on
the affected side or sides are altered, impaired or sus-

pended. These are replaced in part by defensive
processes, namely, the emigration of leukocytes in
response to the presence of pathogenic bacteria or

foreign bodies the outflow of lymph to dilute toxins
and to fill spaces that were potential spaces only, in
the normal organ; an increase in the blood vessels for
nourishment and repair of the affected part; and round-
cell infiltration to establish a direct barrier to the
advance of bacterial infection and an indirect barrier
to the spread of infection by immobilizing the motor
mechanism through plugging its cellular spaces and
lymphatic channels. This, in fact, is an inflammatory
process with exactly the same characteristics as an

inflammatory process in any other part of the body.
Therefore, any plan for the treatment of the disease
must be based on a careful consideration of the physio¬
logic and pathologic problems involved, exactly as is
done in the treatment of inflammation elsewhere.

An apparent disregard or misunderstanding of the
true physiology and pathology is responsible for the
disastrous high mortality mark of 84 per cent, in one

army camp and an average mortality rate of 30.2 per
cent, in all army camps, as was determined by the
questionnaire of Feb. 2l, 1918 (Empyema Commission
report).1 This unfortunate picture is further contrib¬
uted to by the following statement from one camp :

Convalescence is more than three months in duration in
all cases, and not one has been found with full restoration
to health. Of those finally released from the hospital, eight
have been readmitted with recurrences, and not one has been
able to resume a full duty status; it is very doubtful if any
of these patients will become fit for the full performance of
duty as a soldier within six months after operation, and the
majority undoubtedly never will.

These statistics and this statement are from men of
great ability as surgeons. It does not include the vast
number outside the army who undertake the treatment
of empyema because they are able to resect a rib, that
being the sum total of the obligation on the part of the
operator in many cases. Statistics are not published
in any of these cases.

The best surgeons, the men who take into their work
the best known physiologic and pathologic treaching,
rely on these principles to obtain results : That the
lungs which are inclosed in the thoracic cavity and
entirely shut off from the pressure of the air from
without are pressed on from within by a force of
approximately 15 pounds to the square inch. The
weight of the air, therefore, literally blows the lungs
out to fill the interior of the chest cavity. The internal
capacity of the chest is increased by the contraction
of the diaphragm acting as a piston moving downward
and by the contraction of the levator costarum and the
external intercostal muscles pulling upwar4 on the

1. The Empyema Commission: Cases of Empyema at Camp Lee,Va., J. A. M. A. 71: 366 (Aug. 3); 443 (Aug. 10) 1918.

Downloaded From: http://jama.jamanetwork.com/ by a University of Arizona Health Sciences Library User  on 05/29/2015




